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Project Title: Effect of Polymer Additives on Turbulent Blood Flow 
Two related, but distinctively separate, problems in hemodynamics were 
studied under the subject grant. The first was an investigation into the 
behavior of the flow field during angiographic injections, while the second 
was a study of the characteristics of flow in the neighborhood of localized 
arterial stenoses. Both theoretical analyses and experimental measurements 
were included in the research program, and a large effort was placed on the 
acquisition and improvement of instrumentation for measurement of fluid 
velocity. 
Results of the study included the following: 
1. A theoretical model for fully turbulent angiographic injections 
was developed and coded for solution on a digital computer. The 
model is a numerical representation of turbulent boundary layer 
equations and is capable of calculating velocity profiles, pressures, 
shear stresses, and turbulence kinetic energy. 
2. In vitro experiments with a hot film anemometer in modeled angiographic 
injections were completed for a fully turbulent case and the measurements 
of velocity profiles were compared with the theoretical calculations. 
Agreement was very good. 
3. Modeled experiments of angiographic injections in which a drag reducing 
polymer is present indicate that the polymer promotes mixing of 
catheter fluid with the outer flow at high catheter Reynolds numbers. 
At lower catheter Reynolds numbers the polymer tends to prevent turbulence 
within the catheter; and the injectant fluid emerges as a coherent 
laminar stream which does not disperse readily. However, the addition 
of a wall "trip", or small ring, within the catheter to produce flow 
instabilities just prior to the exit improves the mixing characteristics 
considerably. The net result is that, provided a tripping mechanism is 
introduced, the addition of small amounts of drag reducing polymer 
improves the mixing of the catheter fluid with the outer flow in the 
in vitro studies. Additionally, the tripping device should be of value 
in improving the mixing characteristics of injections made at low flow 
deliveries. 
4. The hot film anemometer probe was inadequate for providing accurate 
in vivo measurements of angiographic injections due to dissimilarities 
in the thermal and viscous properties of blood and contrast media. 
5. Calculations demonstrate that certain angiographic injection configura-
tions create wall shear stresses which are sufficiently high to strip 
away endothelial cells from the arterial surface. 
6. Experiments were conducted to measure instantaneous velocities distal 
to localized subtotal vascular stenoses in both animal and in vitro  
experiments. When the stenosis is moderate to severe (50 percent or 
greater reduction in cross-sectional area), results demonstrate that 
the flow is very turbulent in the neighborhood immediately distal to 
the constriction. Mild stenoses (20-25 percent area reduction) were 
shown to create marked disorder in distal velocity waveforms during a 
period near peak systolic velocity. 
Mathematical methods for examining flow disorder were developed and 
applied to the in vivo data. Several techniques for characterizing 
this disorder show promise for detecting the presence of arterial 
stenoses. In particular, a comparison of turbulence energy spectra 
during the acceleration phases of systole was a very good indication 
of the existence of mild stenoses. 
Thus, the research has established that relatively large wall shear 
stresses may be encountered during angiographic injections, and techniques 
for reducing the hazards of these injections have been delineated. The 
mixing of catheter fluid with the coflawing vessel stream is improved with 
the addition of drag reducing polymer, but it is not clear at this time 
whether the improvement is sufficient to be of significant clinical value. 
Finally, analysis techniques have been developed which, when applied to acute 
studies in the dog aorta, demonstrate that flow disorder is an indication of 
the presence of mild vascular constrictions. If this finding can be demon-
strated to be valid in human studies and if the required measurements can be 
obtained noninvasively, then these results may be of great importance in 
the early detection of localized atheroma. 
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. Expenditures of DHEW Funds for this Report Period 
p. 	Personnel 
$ 	38,951.97 h. 	Alterations and renovations 
b. 	Consultant services 218.00 . 	Other 
c. 	Equipment 
d. 	Supplies 4 357 87 . 	Total direct costs 45 070.47 
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. 	Indirect costs: 
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Base 	$ 17,170 00 
T D C 
4,„ %tot ;it IN 0 „........... . 40.444444•440.t e •••■••4t1P.M.•401.•...•4°.• • 
f. 	Travel, foreign 500.00 25 275.60 
g. 	Patient care costs I. 	TOTAL $ 
70,346,07 
2. 	Expenditures from Prior Periods (previously reported) 
62 779.51 
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4. 	Total Amount Awarded - Cumulatively 
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1,332.42 
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1,332.42 
4 , 872.62 
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b. Other Refundable Income (enclose check) 
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